Background: Occupational noise-induced hearing loss (ONIHL) is a major health issue with high prevalence globally and has major social, economic and psychological effects.
INTRODUCTION
Hearing loss due to exposure to noise in occupation defined as occupational noise induced hearing loss (ONIHL), which is considered one of a major health issues and a pervasive global occupational health risks with significant social, economic, and psychological effects. These effects may be auditory only (impaired hearing, poor communication) or extend beyond auditory effect to disrupted well-being. [1] Noise-induced hearing loss (NIHL) is considered one of the most common causes of sensorineural hearing loss. It occurs due to long exposure to noise without any protective devices. It is completely different from presbycusis which is age related sensory neural hearing loss. The pathology of hearing loss in NIHL started when high loud sound damage the stereocilia which is present on the top of hair cells in the inner ear; these intensities can cause cell death if excessive, and when the stereocilia are damaged, the hair cells lose the ability to send signals about the sound to the brain. The end result of these changes inside the inner ear may lead to permanent hearing loss (NIHL) [2] .
According to World Health Organization (WHO), occupational noise induced hearing loss (ONIHL) represents 16% of the disabled hearing loss in adults, with estimates of the disease burden varying from 7% in developed countries to 21% in developing countries. The rate of disabled hearing loss above 40 dB from all causes increased all over the world over the past two decades from 120 million to 466 million people between 1995 to 2018 [3] .
Exposure to excessive noise initially results in a temporary or transient fall in hearing acuity, which is called temporary threshold shift (TTS), that drop in hearing acuity returns to normal within hours after the noise stops. But if the exposure to noise continues and prolonged may be led to a permanent loss of hearing which is called a permanent threshold shift (PTS) or with another definition noise induced hearing loss (NIHL). This PTS or NIHL typically appears on an audiogram (a graph shows the audible threshold for specific frequencies) as a dip or notch between 3 and 6 kHz with a subsequent recovery at 8 kHz [4] . Numerous studies have declared that exposure to high noises greater than 85 decibels has the potential to cause hearing loss that may be temporary (TTS) or permanent (PTS). In addition, it was found out that occupational exposure to 85 dB or higher noise has been shown to cause not only auditory effects but also extra auditory effects. For example, exposure to noise in work place can reduce work efficiency and increase employee's liability for mistakes, and therefore may expose workers to risks and also affect production by increasing loss of working hours [5] . There are few studies concerning with NIHL in the timber industry in developing countries. For example, a study conducted in Nepal in 2015 found that the prevalence of NIHL among wood workers was high, and the study concluded that among 88 carpenters and 36 sawmills the prevalence of NIHL was 16%, 27% respectively and the average noise exposure was 84.2 dBA [6] .
AIM OF THE STUDY
The study aimed to assess the noise levels and the prevalence of noise induced hearing loss (NIHL) among employees at wood industry in Damietta governorate.
PATIENTS AND METHODS

Setting and population:
The current work was designed as a descriptive cross-sectional study conducted in New Damietta city, Damietta, Egypt. This governorate in Egypt is very famous for its furniture industry. Ten workplaces (small-scale businesses) were selected through convenience sampling. All workplaces identified in the study were small businesses hiring between three and twenty employees. From all employees competent with the inclusion and exclusion criteria one hundred fifty (150 employees) agreed to participate in the study from these workplaces with 95.6% response rate.
Inclusion criteria:
The study include woodworkers working in new Damietta city aged ≥18 years and who have been in their current job for 1 year.
Exclusion criteria: Current pathology of the outer or middle ear, including otitis externa, impacted cerumen, perforated tympanic membrane, acute otitis media, and cholesteatoma. Previous exposure to occupational noise in a different job or a different place and/or Conductive hearing loss indicated by an air-bone gap >20 dBHL at two or more adjacent frequencies on pure-tone audiometry.
Data collection:
The employees involved in the study had completed an oral questionnaire in both Arabic and English language with the aid of the researchers (interview questionnaire). The questionnaire was designed to collect demographic data, occupational history, average working hours, use of personal protective devices (muffs, plugs or both), and previous occupational noise exposure. All employees' ears were examined by Otoscope (LM02T-Y Otoscope, Led Whit Light) before conducting the pure audiometry to exclude any other causes of hearing loss. Any employee was found to have any existing bilateral outer or middle ear disease was excluded from the study and referred to ENT specialist for more investigations, diagnosis and treatment.
Pure-tone audiometry was conducted in two stages; Air-conduction hearing thresholds were determined in each ear at the frequencies 500, 1000, 2000, 3000, 4000, 6000, and 8000 Hz, followed by bone-conduction thresholds at 500, 1000, 2000, and 4000 Hz. The object of determining the bone conduction threshold shift test was to diagnose those with a conductive hearing loss (i.e. not caused by noise), which were then excluded from the study. An otometric MADSEN I tera II portable diagnostic audiometer (made in USA), meeting International Electrotechnical Commission (IEC) 645 standards, American National Standards Institute (ANSI) S3.6 and International Organization for Standardization (ISO)389 was used. All audiometric testing conducted at Damietta Health Insurance Hospital in a quietly prepared room. A RadioShack sound level meter ranged 50-150 dB (made in China) and was used for assessment of noise level in the selected work places (furniture factories and sawmills). [7] In audiometry, presence of a notch between 3 and 6 kHz and hearing threshold level (HTL) <25 dB at 3 and 6 kHz was diagnosed as sensory neural hearing loss (SNHL) if found to be higher than the predicted of age. Those who met these requirements were further graded according to NIHL's severity to mild (26-40 dB), moderate (41-60 dB) and sever (61-80 dB) NIHL [8] .
Noise measurements
Noise level readings were taken from all workplaces participating in the study using the aforementioned sound level meter from RadioShack. Three measurements of A-weighted equivalent continuous sound level (LAeq) were collected every hour from a fixed point which located one meter away from a specific noise source recorded on three non-consecutive days to compensate random noise variations ; from these, the mean A-weighted equivalent continuous sound level in decibels (LAeq) for a workplace was calculated.
Statistical analysis: SPSS version 25 was used for data analysis. Initially, the normality tests of Shapiro -Wilk were used to evaluate continuous variables distributions. Medians and interquartile ranges (IQRs) represent the central tendencies of nonquantitative data, while means and standard deviations (SDs) represent quantitative data. The prevalence of noise induced hearing loss (NIHL) and hearing impairments HI was calculated for each group and compared using Chi-squared tests to detect any significant differences. For comparison of non-parametric continuous data between furniture and sawmills populations, Mann-Whitney U tests have been used. In all cases, statistical significance established if P value < 0.05. In order to determine the factors influencing HTL at each frequency and the existence of NIHL and HI, multiple linear and binary logistic regression analyzes were carried out on the combined population of woodworkers.
RESULTS
From ten different furniture factories and sawmills located in New Damietta city, one hundred and fifty wood workers (150) were participated in the current study; 105 worked as carpenters and 45 as sawyers. All participants were males (no females), because in the wood industry in Damietta, Egypt there are no female employees. Age of workers (P = 0.001) and duration in occupation (P = 0.023) were statistically significant between sawyers and carpenters. previous exposure to noise among sawyers was 33.3% which higher than that of carpenters (14.3%) with significant difference (P = 0.032). [Table 1] Overall the surveyed populations, the prevalence of noise induced hearing loss (NIHL) was 39% (41/105) in carpenters and 44.4% (20/45) in sawyers with no statistically significant difference (P = 0.253) between the both groups. HI was 8% (9/105) among carpenters and 15.5% among sawyers respectively with also non-significant difference in prevalence of HI between the carpenters and sawyers (P = 0.134). [ Table 2 ]
In the present study the average age among all wood workers diagnosed to have noise induced hearing loss (NIHL) was 34 years, compared to 26 years among non-NIHL participants with significant difference (P<0.001) between the both groups. In addition, the average duration in occupation was higher (11years) in the participants was diagnosed to have NIHL than who was not diagnosed to have NIHL whereas the average was (6 year) with significant difference (P<0.001) between the both groups. [ Table 3 ] Noise measurements using sound level meter were taken from five furniture factories and five saw mills. A-weighted equivalent continues sound in decibel (LAeq) values ranged from 73 to 91.5 dBA at the furniture factories and 74.9 to 94.1 dBA at sawmills. On the other hand, the average LAeq readings exceeded the permissible exposure limit (90 dBA) at five workplaces, three sawmills and tow furniture factories. [ Table 4 ]
Multiple linear regression analyses were used; the independent variable was hearing threshold level (HTL) at a specific frequency ranged from 500 Hz to 8000 Hz while the independent variables was included age, occupancy time (duration in occupation), smoking status (non-smokers or exsmokers or current smokers), occupation (carpenter or sawyer) and previous exposure to loud noise (yes or no). duration in occupation was significantly associated with hearing threshold level (HTL) at 1000, 2000, 3000, and 4000 Hz, while age was significantly associated with HTL at 4, 6, and 8 kHz. [ Table 5 ] 
DISCUSSION
Finding of our study showed a high prevalence of noise induced hearing loss (NIHL) in the wood industry in Damietta, Egypt. The data was collected from different ten work places located in New Damietta city with participation of one hundred and fifty (150) wood workers; 105 worked as carpenters and 45 as sawyers. The prevalence of NIHL was 39% (41/105) among the carpenters and 44.4% (20/45) among the sawyers correspondingly. Age of employees (P = 0.001) and duration in occupation (P = 0.023) were Statistically significant in both groups. In addition, previous exposure to noise among sawyers was 33.3% which found to be higher than that of carpenters (14.3%) with significant difference (P = 0.032). Although this finding cannot be concluded definitely because of the small sample size of the employees it found to be agreed with a study conducted in Nepal in 2015 which conclude that the prevalence of NIHL among wood workers was high, 16% among carpenters, 27 among sawyers % respectively [6] . The present study was also compatible with a study conducted in Asian countries. This study revealed that the prevalence of noise induced hearing loss in the wood industry was high and the NIHL is one of the most prevalent and preventive occupational issues in these centuries. The main explanations of these findings in our, Asian and Nepal studies could be due to lack of knowledge and awareness about NIHL among employers, employees, and health care workers. It can also be attributed to absence of implementation of hearing conservation programs in the work places [9] .
In the present study, LAeq values ranged from 73 to 91.5 dBA and 74.9 to 94.1 dBA at the furniture factories and sawmills respectively. The mean LAeq exceeded the permissible exposure limit (90 dBA) form occupational health and safety administration (OSHA) at five workplaces, three sawmills and tow furniture. Such findings were lower than those reported in a study conducted in Tanzania that established an equivalent average noise level (LAeq) of 102.6 dBA in five small-scale wood industries with a mean peak noise level of 124.4 dBA [10] . The portable nature of woodwork, intermittent noise type which may not be compatible with the fixed sound level could be considered as a possible explanation why noise readings in the present study differ from those reported in Tanzania study.
However, this study provides evidence that five Damietta wood factories and sawmills operate at or above the permissible exposure limit 90 dBA LAeq, which constitute a significant risk to the hearing of wood workers. These findings were in accordance with a study conducted in Nigeria indicated that 95 dB was the mean equivalent sound pressure level (LAeq) in the furniture industry [11] .
Significant relation was found between the two independent variables age (P = 0.001), time in occupation (P = 0.023) and hearing threshold level (HTL) of 4KHz among sawyers and carpenters. This finding was agreed with a study conducted in Ghana to measure effect of hearing loss on work capabilities. It was found in this study a significant correlation between independent variables (threshold noise level, exposure duration) and dependent variable (NIH) in both corm mills and saw mills workers [12] .
Previous exposure to noise was significantly higher among sawyers (33%) than carpenters (14.3%) with significant difference (P = 0.032) between the both groups. These results came in agreement with the retrospective study conducted in Portuguese which reported that the longer the age and length in occupation as a carpenter, the greater their hearing loss, with significant difference between the NIHL group and normal group to the age (p=0.001), and the duration in the noisy occupation (p=0,002) [13] .
Conclusions: Occupational NIHL is highly prevalent in Damietta governorate, where noise levels are often not measured and occupational health and safety (OHS) precautions are lacking. The present study concluded that noise induced hearing loss (NIHL) is highly prevalent in the workers working in wood industry in Damietta. In addition, Noise levels were above the standard level of (OSHA) in different furniture factories and saw mills in Damietta governorate. Lack of knowledge and awareness about NIHL among employers, employees, and health care workers in Egypt and absence of hearing conservation programs in the different work places suggested to be one of the main causes of high prevalence of NIHL in wood industry.
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